Burkitt's Lymphoma (BL) has three peaks of occurrence, in children, adults and elderly, at 10, 40 and 70 years respectively. To the best of our knowledge, no study has been conducted to assess predictors of survival in the three age groups. We hypothesized that survival predictors may differ by age group. We, therefore, sought to determine survival predictors for BL in these three groups: children (<15 years of age), adults (40-70 years of age) and elderly (>70 years of age). Using the Surveillance, Epidemiology, and End Results (SEER) database covering the years 2000-2013, we identified 797 children, 1,994 adults and 757 elderly patients newly diagnosed with BL. We used adjusted Cox proportional hazards regression models to determine prognostic factors for survival for each age group. Five-year relative survival in BL for children, adults and elderly were 90.4, 47.8 and 28.9%, respectively. Having at least Stage II disease and multiple primaries were associated with higher mortality in the elderly group. In adults, multiple primaries, Stage III or IV disease, African American race and bone marrow primary were associated with increased mortality whereas Stage IV disease and multiple primaries were associated with worse outcome in children. These findings demonstrate commonalities and differences in predictors of survival that may have implications for management of BL patients.
Burkitt's Lymphoma (BL) has three peaks of occurrence, in children, adults and elderly, at 10, 40 and 70 years respectively. To the best of our knowledge, no study has been conducted to assess predictors of survival in the three age groups. We hypothesized that survival predictors may differ by age group. We, therefore, sought to determine survival predictors for BL in these three groups: children (<15 years of age), adults (40-70 years of age) and elderly (>70 years of age). Using the Surveillance, Epidemiology, and End Results (SEER) database covering the years 2000-2013, we identified 797 children, 1,994 adults and 757 elderly patients newly diagnosed with BL. We used adjusted Cox proportional hazards regression models to determine prognostic factors for survival for each age group. Five-year relative survival in BL for children, adults and elderly were 90.4, 47.8 and 28.9%, respectively. Having at least Stage II disease and multiple primaries were associated with higher mortality in the elderly group. In adults, multiple primaries, Stage III or IV disease, African American race and bone marrow primary were associated with increased mortality whereas Stage IV disease and multiple primaries were associated with worse outcome in children. These findings demonstrate commonalities and differences in predictors of survival that may have implications for management of BL patients. Sporadic Burkitt's Lymphoma (BL) is the most common nonHodgkin's B-cell lymphoma in children. 1, 2 In adults, sporadic BL accounts for 1-2% of the non-Hodgkin's Lymphomas (NHL). 2, 3 Burkitt's Lymphoma is an aggressive tumor that arises in various parts of the lymphatic system. 3 It is one of the fastest growing tumors, with a doubling time, (i.e., the time for a tumor to grow to twice its original size) of just 24 hrs. 3 Burkitt's Lymphoma has three clinical types, each of which has distinct characteristics. The endemic type of BL is found mainly in tropical climates where malaria is endemic 3 and has a strong link to Epstein-Barr virus (EBV) infection. 3 It is thought that Falciparum malaria promotes the infectivity of EBV through reactivating latent EBV, suppressing T-cell immunity against EBV and produces the myc translocation that is common in BL. [3] [4] [5] The endemic type normally involves the jaws and has a favorable prognosis with appropriate treatment. The sporadic type of BL is more common in non-malaria endemic regions such as North America, East Asia and Eastern Europe 3 and is less likely to be associated with EBV than the endemic type. 6 The sporadic type is more widespread in the body, with most cases occurring in the abdomen, reproductive system and lymph nodes. 2 The last type of BL is immunosuppression related BL, mainly found in those with immunosuppression from HIV/AIDS, posttransplant recipients and congenital immunodeficiency.
provided they have access to effective treatment. 9, 10 The use of brief intensive chemotherapy in adults is generally effective, however, BL is commonly misclassified as other forms of NHL especially diffuse large B cell lymphoma and hence may not be treated appropriately resulting in very poor prognosis. [11] [12] [13] [14] Studies of BL have largely focused on African/endemic disease because it is more common, easier to diagnose, and has a disfiguring nature and unique characteristics as aforementioned. The majority of published studies are from tropical areas where the endemic type is more common. [15] [16] [17] [18] Other studies have looked at BL as part of NHL in general and not as a distinct entity. 9, 19, 20 Additionally, existing studies of BL have been limited by small sample sizes or only included subsets of ages, either adults or children.
10,21
Burkitt's Lymphoma has a tri-modal peak of occurrence in children, adults and elderly around the ages of 10, 40 and 70 years, respectively. 22, 23 Some studies have suggested that the different peaks have differences in etiology or clinical characteristics/presentation. [24] [25] [26] For example, Luciano et al.
27
found that survival significantly improved in cases treated from 2002 to 2008 compared to cases treated from 1973 to 2001, and attributed the improvement to improved chemotherapy (with Rituximab) and advances in HIV/AIDS treatment. In addition, they found that children have better survival compared to adult and elderly populations. 27 However, differences in predictors of survival between the different age groups were not examined. Children and adults respond differently to treatment, and the ability to withstand chemotherapy differs across the age categories. Also, co-morbidities in elderly patients may affect their prognosis of the disease. 28 Separate analyses of these age groups would, therefore, help to define differences in prognostic predictors by age group. Our main hypothesis is that predictors of survival for BL are not the same for children, adults and elderly. Using data in the Surveillance, Epidemiology, and End Results Program (SEER) database, we examined this hypothesis by determining predictors of survival in children, adults and elderly patients.
Methods

Study population
Data for the current analysis were acquired from the SEER program of the National Cancer Institute. These data covered the period from 1973 to 2013. 29 
Statistical analysis
In the present analysis, we excluded individuals without reported age information. Survival time was calculated from date of diagnosis to date last known to be alive, date of death or cut-off date of December 31, 2013. Those who were alive at the cut-off date or last follow-up date were considered censored observations. Age at diagnosis was defined in three categories as follows: (i) children 15 years or younger;
(ii) adults aged 40 to 70 years and (iii) elderly are those who are older than 70 years. Separate analyses were carried out for children, adults and elderly patients. Individuals between the ages of 16 to 39 were excluded. Survival analysis was first done using Kaplan-Meier (product-limit) survival tables to
What's new? Occurrences of Burkitt's lymphoma peak around ages 10, 40 and 70. What factors predict survival at each age? These authors investigated, using data from the Surveillance, Epidemiology, and End Results (SEER) database in the United States. They determined five-year relative survival rates of 90, 48 and 29% in children, adults and elderly patients, respectively. Some predictors of poor outcome were shared among all age groups, such as multiple primary tumor sites and advanced stage disease. Only in non-elderly adults, African-American race and bone marrow site of origin contributed to poor outcomes.
calculate five-year survival. The analysis was also stratified by sex, primary site, geographical region and tumor stage. To determine if there was a trend in survival, 5-year rolling survival rates were calculated during the study period. Relative survival, defined as the proportion of observed survivors in a cohort of cancer patients to the proportion of expected survivors in the US population of all persons of the same sex, age and race as the patient cohort was also estimated. Survival times were compared using Z-test and its corresponding p values. 34 Cox proportional hazard modeling was used to determine predictors of survival in each age category. Variables included in the multivariable regression models were sex, race/ethnicity, number of primaries, tumor stage, year of diagnosis and primary site. Because BL is associated with HIV/AIDS and we did not have information about HIV/AIDS status in the SEER data, we conducted a sensitivity analysis by excluding registries from the Northeast and West coasts that were more likely to contain more HIV/AIDS cases. 35 Analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC) and SEER*stat 8.3.2. All reported p-values are two-sided and p 0.05 was considered a significant level.
Results
Demographic characteristics
During 2000-2013, in total, 3,548 individuals were diagnosed with BL. The majority of these patients were white (81, 82 and 85% in children, adults and elderly, respectively).
The age and standard deviation for the children, adults and elderly were 8.21 6 4.09 years, 53.63 6 8.79 years and 78.516 4.76 years, respectively. Among the 797 children with BL, approximately half had lymph-node disease and 20% were diagnosed with Stage IV disease.
Among adults, 1,994 BL diagnoses were found. More than half (51.7%) of these patients were diagnosed with Stage IV disease and the majority were male (74%). A lymph node was the primary diagnostic site (65%) followed by the GI tract (13%). In the elderly, 757 BL diagnoses were recorded in the SEER data. Forty percent were diagnosed with Stage IV disease, and a lymph node was the main primary site of diagnosis (57.5%) ( Table 1) .
Survival analysis
Five-year relative survival in BL was significantly different for children, adults and elderly (90.4, 47.8 and 28.9%, respectively; p < 0.01). The median absolute survival time was 30 months for adults but just 5 months for elderly, and the five-year absolute survival for the two groups was 46% and 22%, respectively (Table 2 ). There was no change in survival rates from 2000 to 2013 in children and elderly (Supporting Information Table 2 and Supporting Information Fig. 1 ). However, in adults survival significantly improved from 2003 to 2006 and has been stable since then. In stratified analyses by sex, no differences were observed in survival between males and females. Survival did not vary significantly by geographic region for children and elderly except in adults where survival was significantly poorer for the South (42.3%, p 5 0.001) and the western region (45.0%, p 5 0.007) compared to the northeast (53%).
In children, BL patients with Stage IV disease had significantly worse five-year relative survival compared to patients with Stage I disease or with Stage II disease (Fig. 1a) . In adults, patients with Stage IV disease had significantly worse five-year survival compared to patients with Stage III, II and I disease (Fig. 1b) 
Children with tumors originating in the bone marrow had five-year survival of 86% while in those with tumors in lymph nodes it was 90% (p 5 0.39). In adults, 5-year survival in BL in patients with bone marrow primaries (28%) was significantly worse than in patients with GI tract (55%), head and neck (64%) and lymph node primaries (44%). No differences were seen in 5-year survival by these sites in the elderly (Table 2) .
Survival predictors
Multivariate analysis was used to evaluate associations of race, stage of tumor, multiple tumor involvement, number of primaries and time since diagnosis. In children, Stage IV disease was predictive of poor outcome (Table 3 ; p 5 0.0012 and p 5 0.0025, respectively). The presence of two primary tumors was also predictive of poor outcome in children (HR: 4.11, 95% CI: 1.57-10.76; p 5 0.004, Table 3 ). In adults, multivariate analyses showed that Stage III, Stage IV, AfricanAmerican race, earlier year of diagnosis from 2000-2004 and involvement of multiple primaries were significantly associated with poor prognosis. In the elderly, Stages II, III and IV disease, and having 3 or more primary tumors were associated with poor survival in multivariate models (Table 3) .
In sensitivity analysis we excluded registries in the Northeast and the West coasts that appears to have higher HIV/AIDS cases and found the results were not materially changed. Specifically, in children Stage IV disease was still significantly associated with poor outcome (HR: 6.94, 95% CI: 1.55-31.00) while multiple primaries was not significantly associated with poorer survival (HR: 8.09, 95% CI: 0.84-77.48). In adults, multiple primaries, Stage III and Stage IV disease, and black race remained significantly associated with poor outcome (Supporting Information Table 1 ). In addition, Asian or Pacific Islanders were found to have significantly poorer survival (HR: 5.12, 95% CI: 1.60-16.43; p 5 0.006). Elderly with Stage IV disease remained significantly at risk of higher mortality while having multiple primaries was marginally associated with higher risk (Supporting Information Table 1 ).
Discussion
We found significant differences in BL survival between children, adults and elderly patients. Children had the best overall survival, followed by adults and then the elderly. Five-year survival proportions were dependent on tumor stage, with patients with advanced stage disease having the worst survival in all three age groups.
Our findings are consistent with results in a study by Castillo et al. 32 who reported that elderly had poor survival (survival rate: 30%). Another study found that the 5-year relative survival for patients less than age 20 years was 87%, while adults >60 years of age had a 5-year relative survival of 33%. 27 The differences in survival between our results and theirs 27 may be due to different age cut-offs used in the analyses. 
Cancer Epidemiology
The poorer survival of elderly adults with BL compared to younger patients may arise from a combination of factors, including co-morbidities, differences in response to or tolerance of chemotherapy, and differences in tumor etiology or tumor genetic variability across the three age groups. 36, 37 A study evaluating the benefit of intensive chemotherapy over conventional therapy found better survival in children <15 years of age compared to adults and better survival in patients on intensive chemotherapy compared to conventional treatment. 38 Onciu et al. 39 found no difference in outcome for adults on intensive chemotherapy with hyper-CVAD (hyperfractionated cyclophosphamide, vincristine, doxorubicin and dexamethasone 1 high-dose methotrexate and cytarabine) versus those on a Rituximab-containing regimen. Thus, additional studies looking at roles of the factors considered herein, especially in elderly adults, are warranted.
Our study also found that survival did not vary by gender in any age group. African American race was found to be a predictor of mortality only in adults, which is in line with prior studies. 27, 32 For example, Costa et al. 27 found whites had better survival compared to African Americans (HR: 0.78, 95% CI: 0.64-0.95, p 5 0.01). Similar observation was reported by Castillo et al. 32 (HR: 1.60, 95% CI: 1.30-1.97, p < 0.001; whites as the reference group) and found no difference in risk even after adjusting for socioeconomic status. For each of the racial groups analyzed in our study, more than half presented with Stage IV disease (whites 5 51.3%, African Americans5 55.6%, American Indian5 50% and Pacific Islander5 50.3%). Stage IV disease was the most common presentation for all the three age categories analyzed regardless of race. The poor outcome for African Americans was, however, only found in adults. The high mortality for African Americans may be due to inequality in access to care 40 that may be more of an issue in adults compared to children or elderly due to variation is socioeconomic status in the age groups and access to insurance or Medicare. 41, 42 No significant differences in survival were seen by site of tumor in children and in elderly, but in adults survival was found to be significantly lower in lymph node (44%) and bone marrow tumors (28%) compared to head and neck (68%) tumors. Our finding is consistent with results by Castillo et al. 32 in which they reported better survival for BL patients older than 20 years of age with head and neck tumors compared to those with tumors located in a lymph node. This association difference disappeared upon adjustment for sex, race, stage and age. 32 In the present study, we found that bone marrow tumor site was a significant predictor of mortality in the univariate model (HR5 1.43, 95% CI: 1.18-1.74) but this association was marginally significant after adjustment for confounders (HR 5 1.35, 95% CI: 0.99-1.86). A prior study by Goldman et al. 43 found 88% eventfree survival for children and adolescents with bone marrow BL treated with a Rituximab-containing regimen. In another study, Mead et al. 44 found BL patients with bone marrow primary tumors had poorer prognoses (HR 5 2.64, 95% CI: 0.94-7.43). The lack of significant mortality differences for children and elderly with bone marrow BL was unexpected since bone marrow primary disease is more likely to disseminate, and these age groups have relatively weaker immune systems compared to adults. Bone marrow BL may have unique cytogenetic abnormalities that make it more resistant to chemotherapy or more aggressive.
Overall our analysis showed some variation in the prognostic markers between the three age categories. Elderly patients with three or more primaries and at least Stage II disease had higher mortality. Adults with two or more primaries, Stages III and IV disease, cancer diagnosis in 2000 to 2004 period and African American race had greater mortality. Adults with bone marrow disease had poorer survival compared to tumors located in the lymph node. Children had the most favorable outcome with only Stage IV disease and the presence of 2 primaries associated with increased mortality. Our findings support our hypothesis that BL in the three different age groups have different survival rates and predictors of mortality, which may represent distinct disease entities in the three age groups. Studies have shown that there are multimodal peaks of occurrence of BL in different age groups. 22, 24, 25 Genetic variations in different age groups have been reported in some studies. 25, 39 Chromosomal variations on chromosome 13 and 22 were found to be associated with poor survival in children while only chromosome 17 was associated with poor survival in adults. 39 Few studies have looked at the prognosis of BL in the elderly group who has the worst outcome for the disease. [45] [46] [47] 
We were also able to identify multiple primaries as an important predictor of mortality in all three age groups. We attempted to identify the secondary malignancies in children. The secondary malignancies included one osteosarcoma, one breast cancer, one case of acute myeloid leukemia, one case of myeloid/monocytic leukemia unspecified, and one case classified as miscellaneous lymphoreticular neoplasm not otherwise specified and the rest were acute lymphocytic leukemia. Acute leukemia can be treated with bone marrow transplant and this could subsequently predispose to immunosuppression related BL. 48 It may be that these cases with secondary tumors represent a subset of cases with immunosuppression related BL and they may have higher risk of mortality compared to sporadic BL. Because our analysis used secondary data from the SEER data set, there were some limitations. Several genetic markers and laboratory parameters have been identified as important prognostic markers but were not available for our analyses. For example, Huang et al. 49 found low albumin and MUM1 expression to be highly correlated with increased mortality in BL. Another study found BCL-6 expression to be associated with better survival. 50 Havelange et al. 51 found differences in genetic markers for children and adults with BL, which may account for observed differences in survival between children and adults. Children had higher expression of 13q, 7q and 5q CN-LOH while adults had increased expression of 18q 21 CN-LOH. 51 In addition, chemotherapeutic treatment information is unavailable in the public SEER data set. While SEER diagnoses are considered to be reasonably accurate, no central pathological confirmation of diagnosis was involved which might have reduced possible disease misclassification, especially with the recoding to the ICD-O3 coding system. The misclassification, however, is not the case for BL because, when the manual pathology reports for SEER cancer patients were compared for concordance with the computer entered data, agreement was 85% for BL. 52 On the other hand, it is clinically difficult to distinguish between BL and other forms of Non-Hodgkin's Lymphoma particularly Diffuse Large B Cell Lymphoma (DLBCL), and the two conditions have different treatment modalities. 11, 14 The use of treatment for BL to treat DLBCL and vice versa is associated with poor prognosis. 11, 14 Therefore, misclassification and use of inappropriate treatment may result in poor survival in patients with these conditions. Another limitation was absence of data on HIV/AIDS status in the SEER data set, and BL is commonly associated with HIV/AIDS especially in adults. However, in the sensitivity analysis by excluding cases from registries in the northeastern and western regions that report higher cases of HIV/AIDS, the results were not materially changed (e.g., relative survival5 90.3%, 45.4% and 24.6% in children, adults and elderly respectively).
In summary, we have shown that survival for BL in elderly adults remains dismal despite improvements in treatment for children. Our findings generally support our hypothesis that BL in children, adults and the elderly has different survival proportions and predictors of mortality. BL that originates from the bone marrow compared to other sites appears to have higher mortality for adults. Perhaps more aggressive therapy for adults with BL involving the bone marrow would be indicated, and effective treatment options for elderly adults with BL are needed.
